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Introduction..-The present is a fitting time to consider 
anew the essential characteristics of the temperatures of 
the United States, and this because the material available 
for study is now more abundant and be.tter standardized 
than ever before. In  the new Atlas of American Api-  
culture, which has been in preparation by the United 
States Department of Agriculture for some years, there 
is a division devoted to Climate. This climatic portion 
contains a Temperature section, with three subdivisions, 
dealing, respective1 , with Temperature, Frost and the 
cfrowing Season, an B Sunshine and Wind. The only lo r -  
tion of the Temperature Section thus far ublishe in 
complete and final form is that on Frost anttlie GrouGng 
Season.' The whole subject of frost is here presented 
with a detail not hitherto attained in any other area of 
equal size anywhere in the world.a Several of the maps 
and diagrams which are later to be included in the Sun- 
&ine and Whd section have been given advance publica- 
tion in the MONTHLT WEATHER  REVIEW.^ But up to the 
present time none of the other new charts from the Tern.- 
pwature section have been published in any form or dis- 
cussed anywhere. By permission, and through the cour- 
tes of Dr. 0. E. Baker, under whose supervision the new 
At 2 s o f  American Aqriczr.Zt.u.re has been prepared, and of 
Mr. J. B. Kincer, who constructed many of the maps, 
and by permission of the Chief of the W'eather Bureau, 
the present-writer has beemable to have sent to him such 
of the new charts as he desired to examine for the purpose 
of the accompanying article, and has been given the rivi- 

He is under very reat obligations to Dr. Baker, not only 

also for havin certain of them specially drawn, and in 

The whole discussion of temperature for the new Atlas 
is extraordinarily com lete, es ecially if the size of the 
area covered is consilered. furthermore,. it puts our 
whole knowledge of temperature conditions in the United 
States for the first time upon a sound and thoroughly 
scientific basis. We now have standard temperature 
charta based upon homogeneous observations covering 

lege of redrawing and of reproducing all of these c P iarts. 

for allowing the c a arts to be sent out of Washington, but 

some cases for a aving photographs made of the originals. 

1 Atlas ol  American Agrfeulturs. P . ared under the su ervision of 0. E. Baker 
Agriculturist. Part 11. C h a t e .  Contxution from the U. 8 Weather Bureau, Char& 
F. Marvin, C M .  Section 1. F r d  and the Orowing Srason. By WUhm Gardner 
R%ed,~ . tmtinsgr icul ture lg~phy 0,faceofFarmMan P aredunder 
the Joint dueation of P. C. Da ImadogM U. 8. W e e t h e r r s ;  and? E. Baker 

tment of Agriculture o m e  oi y- Ma&ment. W. 3. Suillma~i. Chiel. 101. a d o n .  D. C.. 1918 iAdv8uce 
loulturiat o m  of Farm &-emeat. 6. s. D 

(a revlea of the above). 
a Joseph Burton Eimxr Sunshinein the Untted States Mo. WEATEEB REV VOl. 48, 

1 9 p , p  12-17. Review&,by R. DeC. Ward A New derkr of Sunshine M$s Of the 
unit States, O m .  Reo., vol. lO,lEO, pp. 339-341. 

a uniform period. The unusual completeness of the new 
discussion may be judged by the list of charts and curves 
included.' 

The immediate object of the Athas being to benefit 
agricultural interests, the needs of that group were pri- 
marily in mind in lanning the sections on climate. 
Hence, while all of t T l  e maps and curves are of impor- 
tame, and will rove useful in a variety of investigations, 
there is natura P ly considerable detail which is not of im- 
mediat.e significance in a very general discussion like that 
here in hand. Hence reference is here made to such 
charts only as have a broad climatic significance. Those 
who are especially concerned with the more detailed mat- 
ters of climate and crops will find abundant and most 
valuable material in the other charts which are listed 
below (Footnote 4), but are not otherwise referred to in 
the following discussion. 

The larger temperature relations.-The larger facts re- 
garding tem erature are best seen on the world isother- 
mal maps w R ich show the course of the (sea-level) iso- 
therms over the oceans as well as over thc lands.6 The 
isotherms show certain systematic deflections as they 
pass from ocean to ocean across North America. Thus, 
rn the higher latitudes, there is a marked poleward 
deflection in the northeastern Pacific, and a more mod- 
erate equatorward deflection in northeastern North 
America. In  middle and lower latitudes, per contm, 
there is an equatorward deflection as the isotherms ap- 

sekcttid s tations. 
Fourteen maps 7 by 111 Inches. Twelve of these show the average monthly tem- 

nerstures. Fie. 5 stows the averwe winter temneratures. D-ber to F a h u v .  -- _. 
friciiive- Fig 7 shows the average Ihnual m i n l m h  tempeiattk. 

inches. Fa .  8 the lowest tempersturn ever 0be.rve.d and 
the number of times in20yenr~thelorvesrtemperaturewas6~ ormmbelowtheeveraga 
temperature. fie.9. the numkoftlmes in 21) yearn the winter tcunperature WIW 9. or 
more below the averam uinter temwrature: I%?. 10, the number of tlmes the maximum 

Sixty-Ave maps, 3: by 

Figs. 81-51 show the mean daily temperature range for Janusry, Aprll, July, and 
October. 
Fig. 1, a graph, shows the annuol march 01 temperature and sunshine by xnea~~ d 

monthlycurves. Aninsert aph,flg.~,showstheduilymarchoItemperature(seleeted 
statlonsl. Fig. 87, the I& &re In tue temperature sectlon, shows graphs of therm0 

e. g., the Challengrr charts, reproduced in Alhs oJ Mcltoroloay, plr. 1,3: text, 
PP. 7.6. 
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proach the continent from the Pacific; a poleward loo - 
equatorward trend as the approach the Atlantic. h e s e  

found in corresponding latitudes of Eurasia, result in a 
crowding of the isotherms on the eastern coasts of the 
northern continents, and a spreading apart on the eastern 
sides of the northern oceans. The opposite sides of the 
North Atlantic show this contrast at its best. "In 
western Europe, one may travel a thousand miles north- 
ward without findin so great a change of mean annual 

distance along our eastern coast." e 
These systematic isothermal deflections follow very 

closely, and are chiefly due to, the general flow of the 
great ocean currents. The s reading of the isotherms on 
the west coast of North L e r i c a  depends upon the 
e uatorward-flowing cool return current in the lower 
lt?kitudea, off the coast of California and of Mesico, and 
upon the poleward-flowing warm eddy which circles 
around the Bay of Alaska. On the east coast, the 
isotherms in the hi her latitudes are carried equator- 

the warm Gulf Stream carries them oleward. 
These mean annual sea-level worl8-isp therms represent 

a proximately the conditions of sprlng and autumn. 
&mparing them with those €or January and for July, the 
midwinter and midsummer months, it is seen that in the 
middle and higher latitudes the mean annual isotherms 
are a weak reproduction of those of January. In  lower 
latitudes, on the other hand, the systematic deflections 
of the former resemble those of July. The cold winters 
of the central and northern intefior may thus be said to 
control the course of. the mean annual isotherms over the 
higher latitudes, while the hot summers of the southern 
portion of North America leave ;their mark on the course 
of the annual isotherms in the lower latitudes. 
In comparison with the mean tempera tures of the differ- 

ent latitudes, most of North America is too cold in winter 
(Januav). A distnct of abnormally low tem eratures 
(20"-30 E'. below the eneral mean for thePatitude) 
centers over Hudson g a y  and the adjacent lands. 
Another, of abnormally hi h temperatures (20" F. 

waters of the Bay of Alaska. L p g  to leeward of this 
latter district, a considerable strip along the Pacific coast, 
extending from Alaska to as far south as southern Cali- 
fornia, is warmer than the means of its latitudes.' The 
isanomalies a are less marked in duly. North America 
as a whole is somewhat warmer than the mean tempera- 
tures of its latitudes in July. The greatest plus departure 
(10" or more above normal) occurs over the western 
interior deserts of Nevada and Arizona. The regions of 
Hudson Bay and of Labrador, and the Pacific coast, are 
too cool. In the mean for the year, North America, with 
the exception of its west coast, is colder than normal for 
ita latitudes. 

Hean annual, mnthlv and seasonal isothermal charts 
(aclua2 temperatures) : General O-The fundamental iso- 

mg as they enter the continent, and then another ent P e 

deflections, similar to, z ut  more marked than, those 

temperature as wou i: d be found in a voyage of half that 

j ward by the cold La i? rador Current, while, farther south, 

above the mean of the latitu 8 e), appears over the warm 

W. B. Btockman: ~ p f m t u r e a n d  Relathe Humidity Data, Bullrlin 0, U. S. ;"ea- 
ther Bureau 4ta Washington D. C 1905. Contains tables of maxlrnum and nuui- 
mum tampera& recorded at W e a h r  Bureau stations in each month ftom the 
baginoing of obel'vatIma to  the end of December, 190.1; also the mean monthly and 

thermal charts are those for the ear, the twelve months, 

of summer and winter. With the exce tion of the mean 
annual chart, this whole series has teen  constructed 
anew, on a uniform basic period, for the Atlas of Amenean 
Agricillt!r.re. The new charts show actual temperatures, 
not reduced to sea-level. The su ersede all other 
existing isothermal maps of the 6 3  nite States, and will, 
for ears to come, remain the "standard set." 

Jean. artnml temperat.wes.--Certain broad generalisa- 
tions regarding the distribution of the mean annual tem- 

eratures over the United States are readily made.Io 
h i t h  a wide range of latitude, with t.wo flanking oceans 
on the east and west, and a warm gulf on the south, it is 
inevitable that t4he United Stat.es should show consider- 
able differences of teniperature between north and south, 
and between the narrow windward west coast and the 
interior. Rouglilz: east of the one hundred and fi€th 
meridian the nort ern tier of States has 1Oo-5O0; the cen- 
tral tier, 50"-60°; the southern tier, over (50". The Lake 
Superior region has below 40°, and southern Florida and 
southeastern Texas, over 70". The east-and-west course 
of the isotherms is modified by the Appalachian mountain 
system, where the lower tern erature, due to elevation, is 

West of t,he one hundred and fifth meridian the chart 
is far from satisfactory, owing to.the deficiency af obser- 
vations over the mountains and plateaus. Tempera- 
tures over 70" are indicated in southwest.ern Arizona and 
southeastern California. Most of the northern portion of 
the lateau district (north of let.. 38" N.; and, in the 

45"-50". There is a decrease along the Pacific coast 
froni 65" in the south to 50" in the north. Deflections 
and irregularities due to topography are especially 
niarked over the southwestern interior. A4 comparison 
of the temperatures on the Pacific and the Atlantic 
coast,s shows that these do not differ a preciably in middle 

c.oast is distinctly the warmer. Thus, a t  latitude 45O on 
the Pacific, the mean annud temperature is between 50' 
and 55"; on the Atlantic i t  is between 40' end $5". San 
Die 0 ,  Calif., and Charlest.on, S. C., on t-he ot.her hand, 
bo t i  in the same latit.ude, have almost the same mean 
annual temperatures. 

hlid.ain.ter a i d  midsummer average temperatiues.--?'he 
new series of charts showing the average monthly tem- 
peratures gives, for the f i r s t s the ,  m accurate and de- 
tailed picture of the actual distribution of t.emperatures, 
month by month, over the United Stat,es. The isotherms 
are drawn for 5" intervals. For rough1 two-thirds of the 

therms run fairly smoothly and symmetrically, but show 
t.he efl'ects of the Appalachian top0 a hy in the warping 
and local irregularities of many of t %T e ines over that sec- 
tion. Over the western plateau and mountain area, on the 
other hand, there is much irregularity, close crowding, 
and difficulty in making any broad, accurate generalisa- 
tion. I t  is for this western area in particular that the 

and either the four seasons or t K e two opposite seasons 

indicated by the equatorwar f; deflection of the isotherms. 

sout 1 eastern part o€ the district, as far as lat. 35" N.) has 

and lower latitudes. In the north, Y iowever, the PacSc 

count.ry, to tho east of the Rocky d ountains, the iso- 

mean annual maximum end minimum temperaturn, and charta showing the absolute 
maxima and nhsoluts minima. 

F. H. Bigelow: The Ddl Normal Temperature and the Daily Normal Wecipitstion 
in the Unlted States. B u h n  R, U. S. Weatber Burssu. p'4. W&ngtOll, D. C 
1W. The dally nor@ are obtained by a proeesa of ampotlung. The monthly me& 
are plotted: a erne IS drawn through these twelve p a t s ,  and the temperahues lor 
each da are then amled off. 
F R gigelow: Re ort on the Temperatures and Vapor Tensions of the Unlted States. 

Bulkin 1. U. 9. W%ther Bumsu. 4m. W"hingt3 D. C., IiXP. The stabment on 
the titlepage l%duced to a homogeneous system o 24 hourly otservatlom 10s the 
33-year interval 187?.-1905'' Is somewhat misleading. The meens am not all re 
duced to the same period of years. Homogeneous refers mly to the reduction to tnu 
means. 

1~Thelatest chartofmeaosonuaIternperskuelathet ineludedin thesetof ClfmOHe 
Cbartd Of the United SLOW ( U. 8. W?u&r Bureau.) 
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new charts, which show actual temperatures and ure con- 
structed with due regard to to ogruphic controls, are 
such a great advance over all earEer ones. 

The greatest differences in temperature between 
different parts of the United States occur in winter, and 
i t  is then that the contrasb between land and water 
controls are most marked (chart 1). In  midwinter 
(January), the extreme continental effect is seen in the 
occurrence of mean monthly temperatures of below 10’ 
over the northern interior, between the Great Lakes 
and the Rocky Mountains, and in northernmost Maine. 
January means below zero are indicated on the northern 
border of North Dakota and Minnesota. The equator- 
ward deflection of the isotherms over the northern 
interior region is a striking feature, which emphasizes, 
among other things, the fact that the western border of 
the Great Plains and the eastern foothills of the Rocky 
Mountains are warmer, in spite of their greater elevation, 
than the lower-lying country farther east. The general 
tendency of the eastern and southern isotherms to bend 
in uniformity with the Atlantic and Gulf coasts shows a 
tempering effect of the ocean and Gulf waters, which, 
however, is not very marked owing to the general rev- 

of the Gulf of Mexico, temperatures of 50°-55’ are found. 
Southern Texas and most of Florida have over 55’. 
Going south from Duluth to New Orleans, or from the 
coast of northern Maine to southernmost Florida, the 
January mean temperatures increase at the rate of 
about 2.5’ for each latitude degree (70 miles). Tho 
popularity of southern winter resorts is thus easily ex- 
plained. Health seekers and “warmth seekers” find 
the average monthly tem erature in January increasing 

hour of travel south- 
ward in a fast express train. Z e r e  are two or threo 
areas in the eastern United States where marked local 
irregularities in the isotherms exist. The northern 
portion of the Hudson-Lake Champlain de ression is 

isotherms, and the occurrence of low mean tem eratures 

irregularity is seen in the Lake region. The moderating 
influence of the open waters is carried to leeward by the 

revailing westerly winds, so that certain stations on the 
fee shores have somewhat higher winter means than do 
those on the opposite (windward) shores. The effect is 
clearly shown m the case of Lake Michigan, where the 
isotherms of 20’ and 25’ are bent oleward over the 

the isotherms in the Lake re ion is another in&ation 
of the local effects due to &e Lake waters. Several 
writers have called attention to this &uation.” In  one 
of the most recent of these studies, C. H. Eshleman has 
made a comparison of the tem eratures a t  Grand Haven, 

a t  Milwaukee, Wis., on the opposite (western) shore, and 
has also com ared Grand Haven with a group of inland 
stations in &e same latitude, in Wisconsin. Iowa, and 
South Dakota. During the colder season, the mean 
monthly temperatures a t  Grand Haven run 2’4’ higher 
khan those at Milwaukee, and 5’43’ higher than those a t  
the group of western inland stations. 

alence of offshore winds. Along the northern s K ores 

at the rate of about 1.5’ I or eve 

clear1 indicated as a district of local cold. !F he central 
App af  achians show an equatorward warping of the 

in certain valleys. A third, and more nota f le, local 

Lake arid equatorward a ain over t I! e lower peninsula 
of Michigan. The genera P spreading and warpino of all 

Mich., on the eastern shore of P, ake Nichigan, with those 

- 
11 See, e. g. Alexander Winchall: The Isothennals of the Lake Region. Pm. Amrr. 

A m  Adu Sci vol 19 1870 p 106-117- C Abbe’ The Inauemee ofthe Lakes 011 Tem- 
r t k e  oi thzL&d ko & ~ E R  Rkv’ 1900’28 1Ua-W W. F Coo er: Air and 

ater Tempfmtwes’ibid 1905 33 521-6& C.’H ’Eshl&: Clirktic%ffectofthe 
Cmnt Lekes 88 T ided at‘branh &an, dch., i C l .  Char6 of the f 3 r d  L&u, U. 8. 
Weather B-u,Vept. 1913. 

Lorin Blodget, in his now almost forgotten classic, 
emphasized several of the most striking characteristics 
of the winter tem erature distribution in the United 
States.12 He callefattention to the occurrence of the 
lowest winter tem eratures to the west of the Great 

by the Lakes” whose location is “most fortunate for the 
cultivable districts of this part of the United States.” 
He noted the diminished warming effect of the Gulf of 
Mexico in winter, owing to the “great relative refrigera- 
tion of the continent, generally, and the conse uent prev- 
alence of land (i. e., ‘offshore) winds,” and c 3l ed atten- 
tion to similar conditions along the Atlantic coast where, 
‘ I  if the revalent winds were reversed, the climate would 

I% the East, in spite of various irregularities in the 
isothermal system, the major control over the tem- 
perature distribution is obviously latitude. The situa- 
tion is wholly different over the western mountain and 
plateau area. Here the isotherms are warped, and 
crowded or spread apart as the to ographg may deter- 
mine. Indeed, even broad gener Bp ization is unsatisfao- 
tory. A study of the map itself is the only way to gain 
a good view of the actual situation. It is true that 

large facte. For example, wfile the southern 7 eserts csrtain of 
latitude plays a considerable art in determin 

Arizona and southeastern California have January mean 
temperatures over 50°, the northern plateau, in Wash- 
ington, has about 20’. But the deserts are of low dti- 
tude, while parts of the Washington plateau attain 
elevations of 1,500-2,000 feet. Beyond these large facts, 
the temperatures of the mountain and plateau area can 
not be adequately generalized. Under control of altitude 
and local top0 aphy, sup lemented to some extent bj 

Further discussion would lead well into the field of local 
climatology. It should be observed, however, that the 
temperatures average higher west of the Rocky Moun- 
tains than they do to the east, although the altitudes to 
the west are greater. 

In  the Pacific province a very striking feature is the 
arallelism of the westernmost isotherms with the coast. 

From north to south there is only a sl’ h t  increase in 

fornia, for example, are on1 a very few de rees warmer 

Washington (40°+) is less than 15’ cooler than the 
extreme southern coast of California (50” + ). Latitude 
is obvious1 here a very subordinate control, especially 
when the 6acific coast is compared with the Atlantic. 
The rate of change of temperature along the entire 
length of this coast is only about 0.8’ per latitude de eel 
which is less than one-third of the temperature gragent 
along the Atlantic coast in the same month. Clearly, 
the prevalence of onshore winds from a relatively werlll 
ocean explains the moderate and noticeably uniform win- 
ter temperatures along this coast. Inland, various top+ 
,graphic features are distinctly indicated in the isothermal 
system. The California Valley, the lower portions of 
which are inclosed by the 45’ isotherm, is contrasted with 
the lower temperatures of the Sierra Nevada. In  south- 
ern California, the interior h h l a n d s  are distinctly cooler 
than the seacoast. The Valley of Oregon is outlined b its 
own inclosing isotherms, as is the Columbia River V K ey, 
where the isotherms indicate almost as well as contour 
lines the gap through the mountains. In  Washington, 
the Olympics and the Cascades are notable features, with 

Lakes, “ the point o P natural minimum” being “broken up 

be reat P y softened.” 

latitude, the F anuary isot % e m  vary from 15’ to 55 . 

temperature. The stations on the cot& o P southern Cali- 

than San Francisco, and t E e extreme nort % ern coast of 

-~ 
1s Lorin Blodget: “Cllmotology of the United States.” etc. Philadelphia, 1857. 
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theirlower temperatures as compared with those of the 
neighboring lomr  lands. A comparison between the 
mem January temperatures on the Pacific and on the 
Atlantic coasts .is interesting. The coast of southern 
Califoimia has essentially the same temperatures as have 
the corresponding latitudes on the southern Atlantic 
coast. San Francisco is 10°-15" yarmer than the cor- 
responding Atlantic coast. The coast of northern Oregon 
is 20' warmer than the same latitude on the coast of 
Maine. The excess in favor of the Pacific coast thus 
increases to the north. 

The economic. conse upnces of such winter tempera- 
tures as are ex erie.nce 8 in the United States are niany 
and varied. 8 ver the cold northern and eastern sec- 
tions agricultural, operations must largely or wholly 
cease, and there 1s a general abandonment of outdoor 
labor except in the case of certain occupations, such as 
lumbering and ice c.uttin , which are best, or exclusively, 
oarried on in winter. &ansportation conditions are to 
a ' considerable extent readjusted. There is difficu1t;v 
with 'severe cold and. deep snows. l'he heavy sumniFr 
vacation travel to the north and east ceases. but 1s 
replaced, to an increasing degree, by yinker travel to 
the genial south. The close of navigation on the Great 
.Lakes turns the transpnrtat,ion of freight to the railroads, 
or leads to a delay in shipments till spring. Many 
industries show. seasonal controls, such as the manu- 
facture of heavy winter clothng? of overshoes, and of 
rubbers. There is need of heat.mg cars used for the 
transportation of food which is injured by cold. Even 
in the case of the. shipment .of iron ore, for example. as 
the ore freezes at temperatures somewhat below 32', 
precautions must be t,aken not to have it exposed long 
at low temperatures. Over the disbncts of moderate 
or warm winters, on the other hand, as in the case, of 
'the Southern and Pacific Coast States, for example, 
outdoor and farming operations ma7 continue all wint,er. 
The cooler months may, and usually do, bring a change 
in the character of the outdoor work, but not in its essen- 
tial nature. 

Verydifferent axe the conditionsinmidsummer (chart 2.) 
. The distribution of temperature is far more uniform in July 
than. in January. Between the northern tier of States 
(emt of the Rocky Mountains), with mean temperatures 
of within a few degrees of 70°, and the. southern tier and 
the Gulf States, with temperatures within a few degrees 
of 80°, the difference is so small that- it  attracts atten- 
tion. On the other hand, the temperature differences 
between north and south in January are striking because 
,they are so large. In  July, the rate of change of teni- 
perature between New Orleans and Duluth is, in round 
numbers, only about 1' F. per latitude de ee, while on 
the Atlantic coast, between Ice West, FC., and East- 
port, Me., it  is about 0.8". So fElr as the mean tempera- 
tures alone are concerned, therefme, a long journey from 
eouth to north in searc.h of decidedly cooler summers 
gives far less change than the corresponding trip from 
north to south in winter in search of much warmer and 
bdmier climates. Other factors, however, serve to give 
the northern summer resorts their popularity. Among 
these are the fre uent spells of cool weather; the ad- 

tem eratures, due to elevation, found in the mountains 

The July isotherms show quite clearly the coolin ofTect.s 

even lo", below those of the surrounding lowlan s. 

vantages of cool ? resh or salt water bathing; the lower 

of 8 ew England and New York; and other conditions. 

of the A palachian Highland in the warping of t B o lines 
and in t K e occurrence of temperatures avers in So, or d 

The tempering effects of even relatively moderate 
altitudes are shown in an interesting way by the coum 
of some of t.he isotherms which are rominent features 
of the July map in the eastern [Jnite a States. Take the 
case of the 70"-isothem, for example. This line follows 
along the eastern bnse of the Rocky Mountain system 
from southern New Mexico northward to northeastern 
Wyoming, and then makes an abrupt turn eastward 
across the northern tier of States. Stations at no very 
great elevations in southern New Mexico are thus seen 
to have the same mean July temperatures as a long line 
of places reaching across northern South Dakota, central 
Minnesota, Wisconsin and Michigan, much of New York, 
and also southern New England. The situation is some- 
what similar, but less marked, in the case of the 75"- 
isotherm The 

Michigan.'8 Michigan st,ations on the immediate Lake 
shore are naturally also cooler than those situated eome- 
what inland, but this cooling influence on the mean 
monthly teniperatures extends only to a distance of 20 
or 25 miles inland, nccordin .to Henry." Nenr the At- 
lantic coast the isot,herms '' double on themselves ab- 
ruptly," us Blod et put it, indicating cooling "due either 
to the southu-nr c!? flowing cold surface currents or to the 
upwdlin of cold water.' The northern coast of Maine 

coast of Asia. in the same latitude. 
Over the western Plateau province, the isothermal 

map is essentinll-y a rough contour map. July mean 
tern eriltures below 55" are shown in certain portions of 

Utah, and northern New Mesico; also on t. e Cascades 
of Washinghn and Oregon and the Sierra Nevada of 
California.. Much of the Plat,eau province has from 65' 
to T5O. The highest monthly mean (over 90") occurs 
over a reshicted area of southwestern Arizona and 
southeastern California. This "heat island " is much 
smaller and less 'cons icuous than it appears on earlier 
charts, as, e. g., on t ?I e Ohdenger July (sea-level) iso- 
thermal chart, where the 90"-isotherm incloses a con- 
siderable part of the Southern Plateau region. The close 
crowdin of the isotherms on the mountain and plateau 

elevations, and the contrast be.tween the excessively 
heated southern deserts and the much cooler, more 

features in this western interior district. The effects o 9 elevated, stations not far away, are the most strikin 

altitude are here so considerable that, latitude and land 
and water controls are of relatively subordinate import- 
ance. Hence the o ularity, at least in part, as summer 
vacation resorts, o P R  t e mountains of Colorado; of Yellow- 
stone National Park, and of other parts of the Rocky 
Mountain district . 

On the Pacific slope (Pacific province) there are three 
very striki features on the map. (1) The seaward 

Blodget remarked, '"almost absolutely e ual tem era- 
tures" along. t.his const.l6 One may travel P rom the E! trait 

has nota. f ly cool summers, cdoler than those of the eastern 

the % ocky Mountains in Montana, Wyomin f? 

slopes; t B e distinctly lower temperatures at the greater 

isotherms ?f cosely parallel the coast line, giving, as 

-I---.---_ - 
'1 C. H. Eshlemnan, toe. ef t .  
'(See also H. J. Cox and J H. Armington The Weather and Cllrnate of Chlargo. 

Larp 8vo Chimgc, Ill 1914; pp. 57-48, lu-iki, 011 the intlueuce of Iake Michigan on 
temperatires at cdv&.' 

1) loe. cil. 
'5 m a d  of Metmology. p. 12. 
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of Juan .de Fuca as far south as San Francisco without 
any change in the mean monthly temperature, and con- 
tinue the trip to the southermost part of the coast 
without reaching a mean temperature as high as io".  
The temperature gradient along the entire length of the 
Pacific coast, from San Diego to the Strait of Juan de 
Fuca, is only 0.7' per latitude degree, i. e., one niay 
travel north nearly 1,200 miles wit.hout chan in t.he 
mean temperature more than about 13', or 1' tog 100 
miles. c2) A second notable feature is the extraordi- 
narily rapid temperature radient between the immediate 

resultin from the prevailing onshore winds. and the 

The west-east gradient from the coast to thesouthern 
rtion of the San Joaquin Valley is also very rapid. Eis henomenon "of the juxta osition of Scottish and 

mid- R frican summer conditions' is almost, If not quite 
unique." The superheating of these interior districts 
is due to their low latitude, abundant sunshine, dry air, 
and effective inclosure from the sea. (3) The third 
feature is the marked contrast between the higher tem- 
peratures of the interior vallevs and the cooler mountain 
slopes. This is especially well seen in California, where 
the Sacramento-San Joaquin Valley stands out clettrlj- 
by reason of its f d y  uniform high t,emperntures. The 
increasin resort t,o the Sierra Nevada during the siiminer 

of temperature. This topographic control is naturally 
less marked farther north. The summers on tlie Pacific 
coast are as a whole severa.1 degrees cooler thm those 
on the Atlantic. 

Average winter and suncmr temyeratwes.--The average 
tem erature of the three winter months is shown in chart 

ature conditions of this season. Owing to difficu ties 
in re roduction, it is necessary, unfortunately, to omit 
the c 1 art showing the average temperature of the three 
summer months. However, reference to chart 2 will 
reveal the essential charact.eristics of the suninier season. 

Nmn annita1 ranges of temnperature.-The seasonal 
contrasts in temperature are conveniently summarized 
b means of the so-called mean annual ranges, which 
szows the diiference between the mean temperatures of 
the warmest and coldest nionths.lS 

Previous charts were based on sea-level, not on sct,ual, 
temperatures. The new isothermal chart.s for January 
and July have now made it possible, by a comparison of 
the lines of actud temperatures for t-Lese t.wo months, to 
study for the first time in great detail the ranges in all 
parts of the United States. 

eatest differences between the mean tempera- 

interior region between the Rocky Mountains ant1 the 
upper Lakes, viz, 55'-60', and even slightly over 60' 
in some cases. From this center, the ranges decreasc 
in dl directions. 

It is to be observed, however, that the continental 
characteristics of warm summers and cold winters pre- 
vail even to the extreme 1imit.s of the land area to the 
east. The absence of an effective mountain barrier to 

lence of offshore winds, explain this condition. Thus, 

seacoast of southern Ca P ifornia, with it.s cool summers 

greafly f ieated interior desert of southeastern C!alifornitt. 

months F inds a simple explanation in these conditions 

3, w gi ch summarizes, h. a convenient form, the tem er- P 

The 
tures o F January and of July are found over the northern 

the west, somewhat inlan B from the coast, and the preva- 

ranges of 40°-50' are found even along the central and 
northern portions of the coast. The modifying effects of 
latitude and of t,he Gulf of Mexico are seen in the some- 
what smaller ranges which prevail in the Gulf Province 
!25'-30', or less). Most of the rest of the eastern prov- 
ince has 40'-50'. Over the southern Plains and much of 
the Plateau province the ranges run from slightly above 
to somewhat below 40'. 

The anmial migratiom of the isotherms and of the tern- 
pcratzire helta.-Too much emphasis upon the conditions 
in January and in July gives a misleading impression of 
the actual march of temperature through the ear. It 
is in1 ortant to have clearly in mind the fact o 9 the con- 

month by month, but week by week, and even day by 
day. The isothermnl chart of any one month is merely 
a "snapshot" of condit,ions which are in a constant state 
of flux. It represents no rigid, fked, permanent situa- 
tion. I t  is, therefore, instructive to view the isothermal 
charts of the 12months together. 

January and July are the extreme types. They simply 
show the limits reached during the seasonal migrahon 
polewa.rd and cquatoruwd. Each of the other maps is 
almost. tis important, in that it marks another sta e of 
nclvttncn or retreat. With t.he iiartliward advance o 9 the 
sun, the succerding months of late winter, spring and 
eurly summer show the gradual rise in the temperatures 
everywhere, the chnnges being reatest over the northern 
and interior districts which f ave  the greatest mean 
annual ranges. Tlie seasonal nort,hward advance of the 
isotherms is nnturdly most readily seen over the eastern 
United St.ates, where the lines of equal temperature are 
well separated and Iollow more or less along the latitude 
circles. Even a cursory lance at  the charts for January 
t.0 June shows tshe nort fl ward movement of isotherms 
which are over the Gulf States in midwinter and travel 
northward so far that they leave the United States 
altogether, moving across the International Boundary 
into Cnnada. The gradual spreading apart of the eastern 
isotherms as t,he season advances is also very obvious. 
In  January, 12 isotherms nre shown between the northern 
Plains and the Gulf of Mesico. In  July, when the con- 
t.inent is well and very uniformly warmed, there are only 
three. Over the Plateau districts, the general system of 
the isotlierms remains more or less the same, month by 
month, but the lines are on the whole somewhat more 
crowded during t.he warmer months in certain areas, in- 
dicating greater differences of temperature between low- 
lands and u lands in summer than in winter in those 
localities. 75 e seasonal increase in all the tem eratures 
is readily seen if the figures on the chart are stu8ied. On 
the immediate Pacific coast the para.llelism, of isotherms 
and coast.line remains a constant feature on all the maps, 
and the seasonal changes in the actual temperatures are, 
as already pointed out, relatively slight. 

During the cooling months (Au ust-Janua ) the 

summer estended well north over the United States now 
travel so far south tha.t they disappear from the map, 
F. g., the io"- and the 75'- isotherms. In thei.r place 
isothernis which in July were far north in the Arctic 
regions, or which did not even appear at sea level at all, 
gradually move equatorward and one after another 
a pear on the charts. Over the western mountains and 
p P atea.us, and to a less marked degree over the eastern 
Appdachians, the advance of the colder season means 
the rsdual descent down the slopes, to lower and lower 

t.inua P advance or retreat of the isotherms, not only 

(Charts 1, 2, 4-13.) 

isothermal system travels equatorwar % . Lines x i c h  in 

leve f s, of isotherms which during the colder months were 
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either fa r  u on the up er slopes or even in the free air 

sun is forever im ellin advances and retreats, ascents 

such thi as a k e d  condition of temperature distribu- 
tion. $!fen this conception is thorou hly in mind, iso- 
thermal maps have a new meaning. A e y  are no longer 
dead and rigid, but are full of movement, suggesting an 
infinite number of relations between the everchanging 
temperatures and all of human life and activity. 

January and July have been referred to as everywhere 
the coldest and warmest months. This is true lor the 
vast majority of stations, and in the long run. There 
are, however, a few stations exposed to marine influences 
on the Pacific coast, or on the Great Lakes, which have 
retarded maxima or minima. February may then be- 
come the coldest month or August the warmest. San 
Francisco is uni ue in having its warniest month Se - 
and its August. This peculiar conditions results from 
the revalence of strong onshore winds blowing through 
the a olden Gate in summer and induced by the escessive 
heating of the interior valle . The hotter the valley the 

Pacific Ocean. 
The advent ofspring.-The so-called “ advent of spring ” 

ma be said to occur when the physiological life of trees 
an J plants awakens, after the quiescent sta e of the colder 
months. The tem erature of 42.8’ F. (6’ 8.) being about 
that at  which theyife of the lant cells begins to stir, a 

and May may be taken as indicating t e dates of the 
advent of spring in different sections of the country. 
Such a chart, proposed 30 years ago by Harrin ton, shows 

ward, 1. e., it  advances northward and eastward.’“ The 
progress is not a steady one, but occurs as a series of 
advancing and retreating fluctuations, associated with 
the occurrence of warm and cold waves, “each advance 
of warmer weather penetrating a little farther into the 
cold interior and each successive chilling halting a little 
north of the southern limit of its predecessor, until 

far above t % e tops of tJ!e highest mountains. Thus the 

and descents of 3 %  1 isot erms on all maps. There is no 

tember, and its 8 ctober is actually warmer than its Ju P y 

more marked are these in i owing cool winds from the 

chart showing the osition o P the isotherm of 43.8’ (1’ 

that spring really comes bom the southwar if and west- 

above 42.8’) at the % eginning of Februarp March, April, 

MounttLin 

cold continent to the north, the January isotherms over 
the eastern United States must necessarily be closely 
crowded, as already pointed out. The rapid January ole- 

tude de ee) , already referred to, remains essential1 
same if !€ abrador be taken as the north end of the sca e in- 
stead of Maine. Considering the distance, this is the steep- 
est temperature adient in the world. Where such rapid 
temperature gragents occur elsewhere, they are limited 
to much shorter distances, as, e. g., in the case of the 

ward tern erature gradient on the Atlantic coast F rom 
southern P lorida to northern Maine (about 2.5’ per lati- 

T tll. 

opposite sides of mountain ranges. It is a noteworthy 
fact that in the United States there are no transverse 
mountains to help in the production of this remarkable 
contrast between north m d  south. Woeikof first called 
at.tention to the economic importance of this steep tem- 
perature jpdisnt .”  The products of tropical and of 
polar lan s are here separated bv less distance than is 
the case anywhere else in the world. At the same time, 
communication between these districts of sharp1 con- 
trasted climates and types of veget,ation is easy. eabra- 
dor is an Arctic land, where man’s food must be sought 
chiefly in the ocean. Florida, on the other hand, is in 
many respects tromxl. This idea has been somewhat 
expanded by Miss & 4 . C. Semple.2s “This approximation 
of contrasted climatic districts in North America was an 
immense force in stimulating the early economic develop- 
ment of the Thirteen Colonies, and in maturing them to 
the point of political autonomy. It gave New England 
commerce command of a near-by tropical trade in the 
West Indies, of sub tropical produets in the southern 
colonies in close proximity to all the cont-rtlsted products 
of a cold climatedense forests for naval stores and 
lumber, and an ineshaustible supply of fish from polar 
currents, which met a strong demand in Europe and in 
the Antilles. The sudden southward drop of the 0’ C. 
annual isothermal line toward the St. Lawrence and the 
Great Lakes brou ht the northwestern fur trade to the 
back gate o€ New %ark, where i t  opened on the Mohawk 
and upger Hudson, and brought, prosperity to the young 
colony. 

A steep poleward temperature gradient is a perfectly 
normal condition on the east coast of continents in 
middle latitudes, as a result of the prevailing winds and 
the system of ocean currents. Nevertheless it is sig- 
nificant that the January poleward gradient in eastern 
North America is near1 tmce as great as that in eastern 
Asia (about 1.5O). $he explanation was 
Woeikof. North America has a warm body o water- 
the Gulf of Mexico-on the south. There is also an 
increasing prevalence of warm (SW.) winds toward the 
southern portion of the At,lantic coast district, while 
cold northwesterly winds distinctly predominate in the 
north. In  eastern Asia, on the other hand, cold offshore 
winds prevail as far south as the Tro ic, and a cold 
land occu ies the osition of the Gulf of K exico. North 
of l e t i t uz  50’ 8, the mean annual temperatures in 
eastern Asia and eastern North America are more or 
less alike. Farther south, eastern Ask becomes dis- 
tinctly colder, especially in winter. As Hann put it, 
“ comparing eastern Asia with eastern North America, 
t.he latter is not too cold in the north but too warm in 
the south. It is to this fact that the more rapid change 
of temperature with latitude in North America is due. 
The mnters on the east coast of Asia are more severe 
than those on the American coast. Even the interior 
of America is much warmer than the east coast of Asia 
in corres onding  latitude^."^' A comparison between 
eastern Zorth America and the west coasts of Europe 
and of northern Africa was apparently first clearly made 
by Humboldt, who pointed out that the mean annual 
temperatures found in the higher latitudes (55’-70’ N.) 
on the Euro ean. side of the Atlantic occur 10°-120 of 

latitudes (about 45’ N.), this difference decreases to 
about 4 O - 5 ”  of latitude. At l h t u d e  30’ N. the differ- 
ence between the two sides of the Atlantic disappears. 

P by 

latitude fart R er south in North America. I n  middle 

~~~~ 

1) Y.W. Harnnpn The Advent of Spr 
‘1 LOC. ell. 

Harper’s Mag., May, 1W. pp. 874-879. 
A. 3. Henry: linicrtology of the tJnite%tates, p. 21. 

~- 
SI A Woeikot Die Iilimate der Erde 1887 p 

24 J. Hann: Handbueh der Klimatologie, ad ed., voL 3, pp. dt3.5;. 
43 44. 

Eilen C. Semple: Influen% of Ceobsph’icsP’En&onmeat 1911 p. 618. 
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The January oleward tem erature gradient on the 

tude degree, as a ainst more than 2.5’ F. in eastern 
North America. h e  January gradient alon the whole 
Pacific coast of North America as far as Sitla, Alaska, 
is essentially like that of Europe, and is thus only slightly 
over one-third of that along the whole Atlantic coast. 
The July gradients on the west coast of Europe (0.65’) 
and the east coast of Asia (1’) may be compared with 
those on the Atlantic coast of North America (about 1’) 
and the Pacific coast of North America (about 0.7’). 

The occurrence ofmonths and of seas0n.s wwmer or colder 
than normal.-It is a widespread popular belief that in- 
dividual months, in different years, are often much 
warmer or colder than the normal for those months. 
The expression is a familiar one, “this February was the 
coldest I ever experienced,” or “September was the 
hottest I remember.’’ This belief is usually based, not 
on the fact that the mean temperature 01 the month 
in question may have been R degree or so higher or lower 
than the normal for that month, but rather on the values 
of the highest and lowest temperatures, and on the way 
in which these were distributed, i. e., on the “spells” of 
heat or cold, and on their severity. In fact, it  frequently 
happens that people think that a month was colder than 
normal when its mean temperature was actually some- 
what above the normal, and vice versa. In other words, 
the de arture of the mean monthly temperature from the 

im ression of heat or cold which the month made. 
ft is a fact that the mean temperature of the sa,me 

month in different ears does depart a considerable 

mean temperature of that month as derived from the 
whole series of observations. Almost any random pub- 
lication which includes the monthly mean temperatures 
for a series of years, or which gives, for any single year, 
the departures of the mean monthly temperatures in that 
year from the normal, will furnish illustrations of this 
point. It is, for example, no uncommon thing in any 
individual year to have December or February colder 
than January, althoumh in the run of the years January is 
the coldest month. b h e n  the average of the departures 
from this general mean are determined (rega.rdless of 
whether they are + or -1, the mean. departures of the 
monthly m.eans from their average values are ~ b t a i n e d . ~ ~  
The calculation of such data is laborious, and has not 
been carried out to any considerable extent. The avail- 
able results are, however, sufficient to warrant broad 
eneralizations. Supan and Hann determined mean 8 epartures of the monthly means for certain parts of 

North America.aa Henry has given the most recent 
tabulation, for a few stations only, from which it appears 
that the Januar departures are of the order .of 6’-7’ on 
the northern dains.  From this region of maximum 
average departures there is a decrease to the west, south, 
and east. The departures for J a n u a y  on the Pacific 
coast are of the order of 2’ to about 2.5 , over the south- 
ern Plateau, the Southern Plains, and the Gulf States, 
about 3’; 3’4’ in the Lake region, New En land, and 

general1 . In  July, all these departures are reduced to 
one-ha$ or less than one-haKZ7 The mean temperatures 
of winter months in the interior of North Amenca are as 

I) Also known aa the variability of the monthly mean tempexstum. 
a# J Haur Hmdbuch der U m a  e ad ed Voi. I, p. 2(1’ Lehrbuch der Meteorole pi, 3h ed., ‘p. 110; A. Supan: Grd%%&der Phpkhen E&de, ad ed.. lWW, pp. 

* A.J.Henrp:TheClimstoi~oftheUnitedStates,EullsHnQ,U.S. WeatherBuresu, 
pp. ai-. 

west coast of 2 urope is slight P y less than 1’ F. per lati- 

norma Y can not, in most cases, be estimated by the general 

amount, over much o 9 the United States, from the general 

the central tier of States east of the Rocky 5 fountains 

01-102 

a whole subject to greater fluctuations than is the cam 
in northern Germany, and almost twice as great as those 
in England. 

Whde such variations in the mean temperatures of 
t.he individual months in different. years are si 

as has been stated above, are usually not values which 
can be determined by one’s sensations. (3) Further- 
more, within a year, many other fluctuations of tempera- 
ture occur, much closer t.ogether and of much greater 
amount, which are directly observable and havc many 
direct physiological and economic effects. 

Extreme limats of the mean tern eratwes ?f i n d i d d  

ing what mean temperature the coldest January, or the 
warmest February, etc., on record, actual1 had. When 
such dat.a are available, a chart may be 6y r am showin 
just what difference there has been, within the perios 
of record, between the mean temperatures of any given 
month. Such charts have been construct.ed b Henry, 
and published in 1906.28 They show what is &own as 
the absolute range of the inont.hly mean tem eratures. 
Over a large portion of the central United B tates, in- 
cluding nearly all of the Missouri and the middle and 
upper Mississippi valleys, t.he mean monthly tempera- 
tures of January have differed by 25’ and more. To 
illustrat.e, a st.atmn whose January mean temperature is 
10’ may have had one January with a mean of 2 5 O ,  
and one with a mean of 0’ or even slightly below. Such 
departures, having occ.urred durin a relatively short 

and even to be exceeded. From the interior district of 
the largest ranges there is a decrease in all directions. 
Over t.he -4tlantic and Gulf coasts t.he oscillation of the 
monthly means is roumhly 15’-20’. On the Pacific 
coast and in the sout.f;western interior it is smaller 
(SO-16’). In July, the amount of such oscillations is 
about one-half of those of Janua . Tbe California 
coast has essentially the same con T itions in the two 
months. 

In c.onnect.ion with this same subject, charts 14 and 
15 are interesting. They show the lowest mont.hly mean 
temperatures recorded in January and in July during 
the period 1895-1914, as shown by the records of about 
200 regular Weather Burea.u stations. Chart 14 should 
be com ared with chart, 1, and chart 15 with chart 2. 
I t  will R e observed that the lowest Jtmuary mean tem- 
peratures have run about 5’-10’ below the average mean 
temperatures, the de artures being smallest on the 
Pacific coast and in 8orida. hi July, as is to be ex- 
pected, the departures are sma.ller, being a.bout 5’, or less. 

Traditi.ons reqarding unusual seasons.--& far back a8 
tradit,ion and the non-instrumental record of white men 
in the United States est.end, t,here are references to the 
occurrences of rrunusually” severe or mild winters, and 
of “unusually” hot. or cool summers. There were 
winters in northern sections when there was little ice; 
when flowers blossomed outdoors; when the ground was 
hardly frozen. There were also wint,ers when the 
intense cold lasted almost. without inteppt ion;  when 
snows were deep; when outdoor occu ations and trans- 

the A ostle to the Indians, the winter of 1646-47 ii 
descri I! ed as having brought “no snow all wint.er long, 
nor sharp weather,” so that it was possible to “go 

are of slight physiological interest. 
di “l?i? erences come a year apart. (3) The monthly means, 

month.-People are also natural Q y interested in know- 

period of observat.ion, are of course k ikely to occur again, 

portation were reatlg intern ted. TE u the Records of 
the Roxbury (1 f ass.) Church, [ept by Rev. John Eliot 

Loc. clt., Charta XVII. SVIII. 
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reach to the Indims all t.his winter, praised be the 
%rd.” Similarly, there are accounts of “iinusuaIly ” 
hot, and of unusually cool siininiers. The summer of 
1816 was a “record-breaking “ one. Chauncey Jrronic., 
who was t-hen living in Rristaol, Conn., wrote: “I  well 
remember on the sevent,h of June, while on my w-ay t.o 
work, about a mile from hoiiie, dressed throughout. with 
thick woolen clothes nnd ovcrcoat on, niy hands got. so 
cold that I was obliged to lay down niy t.ools and put. on 
a pair of niitt.ens which I had in my pocket. It siiowcd 
about an hour that (lay.” And ugnin: “On the fourth 
of July I saw several men pitching quoits in t.he middle 
of the ditp with their overcoa.ts on.” aB 

’ Recent studies of exceptional seasons.-It, is, however, 
only very recently that an detailed studies of the actual 

been made. To take n recent example, the winter of 
1917-18 was remarka.hly cold. with heav snowfalls, over 

autumn nionthe were in many cases the coldest on rec- 
ord. December and Janunry “defied the memories of 
the oldest inhabitantes : ” new minimum t.emperatures 
were re istered far and wide. Heavy snows, wit.h in- 

disturbances over northeastern districts. Even in t,be 
South, truck gardens and fruit crops were seriously 
damaged. On January 12, 1915, a blizzard, wit.11 snow 
driven bx a gale and a t  a temperature a‘s low as --2O0, 
resulted m an almost complete interruption of traffic 
during two days.30 

The winter of 1920-21, on the ot.her hand, was one of 
unusual and persist.ent, mildness east of the Rocky Moun- 
tains. Kincer has given a graphic description of the 
‘ I  involuntary climatic. travels ” made by the inha1hmt.s 
of different portions of the eastern United States. The 
hi h temperatures were the equivalent of travel over con- 

tral North Dakota, climatically spea.kino, spent, t.he winter 
near the South Dakota-Nebraska bounhry line; those at  
Sioux Cit.y, Iowa, at  Kansas Cit.y, Mo.; southern Indianti 
in northern Tennessee, and Washingt,on. D. C., in sout,hern 
Virginia.” In  1919-20, a colder winber than usual, 
“Richmond (Va.) came north, climnticnlly, to Washin 
ton to spend that winter, and went sout,h to Raleig , 
N. C.,” in 1920-21. 

It has not yet been possible to work out in det,ail the 
actual causes of these marked monthly and seasonal 
variations in tern erature in different years. The ex- 
lanation, in the If nited States as elsewhere, undoubtedly 

Ees in the general distribution of pressure over the con- 
tinents and oceans, i. e., in the development and 1ocat.ion 
of the centers of action, and in the resulting effects upon 
the numbers, intensitx, and paths of c.yc1ones and anti- 
c clones. It is as yet too early to say in ‘ust what ways 

to bring about these results.Jz 
Do temperatures shou1 any permanent change ?-While 

monthly and seasonal mean temperatures are, ~ts ha.s 

temperature conditions o 9 such abiiorma.1 seasons havc 

an enormous area east of the Rocky hf ountains. The 

tense co 5 d, brought serious economic and t,ransport,a tion 

si f erable distances to the south.31 “The people in cen- 

E- 

t 1 e variations in the intensity of solar rac 1 iation may act 

History of Clock-Making. Numerous accounts of unusual season.. in New EnFkbnd 
will be found In Sidney Perley: Historir Storms.ol New England, Salem. Mass.. h Y 1 .  
*An Interestin account o! this remarkalrle winter has been written by Dr. Charlrs 

F. Brooks: The bld-Fashioned Winter of 1917-18, Gfogr. Res vol. 5, 1918, p 405-414. 
See also P. C. Day: The Cold Winter of 1917-18, Mo. WEAT‘;ER. REV., vof46, 1918. 
pp. 670-5W. 
a Joseph B. Iiincer Our Involuntary Climatic Travels (with S ecial Reference to 

the Warm Winter of 1’810-1021) Mo. WEATEER REV. 1921 49: 1S-38 Chart. * Sea in this connection, E.’H. Borr-ie: Lon Ran‘ge Wkther Forecasts. in Ii’colhtr 
Formding in the Vnitrd Btzfes, U. 8. Weatherguresu. 8 80.. Washington, D. C., 1916 fp % l a ,  C. F. Brooks: World-Wide Chmges of Twperature.~Osogr. Res., vol. 2: 

16 
61&; I. E d :  I&buch der heteorologie, 3d ed., i915. 1;’ : 637 644: E. ‘A.*B& 
Yeteorolo cal Centers of Action in the North PariAc Ocean (Afstrai). No. WEATHER 
REV., 182f19; 330-331. 

p. 24Q-W- W J Humpbre s: Physics of the Air 8 vo Philadelphia lm p 

been seen, subject to wide fluctuations, there is no un- 
impeachable evidence that any permanent change in 
t.emperature is t-aking place, or has taken +ce within 
historic times, in the United States. Penodicities,. of 
varying 1engt.hs of years, hare been su gestsd by nu- 

general agreement exc,ept in the case of the Briickner 35- 
war  period. The amount of t,eniperature-diff erence, 
ivhere such has been report,ed, is relatively very slight, 
and furnishes no basis, as yet,, for making any reliable 
scientific long-ran e forecasts of general economic value. 
A discussion of t. ese investi ations can not be entered 
int,o here. The first t,horoug study of this subject waa 
made by Schott, in his nionunient,al analysis of the 
temperatures of the United States, in which he collected, 
reduced, and discussed all t,he older Nothing 
was found which led to the view of any ro essive 
change, alt,hough there was evidence of simi ??I? ar uctua- 
t.ions of temperature over considerable areas, e. a 
period of about 22 years on the Atlantic coast an f6ne  
of about 7 years in the int,erior. The long record of the 
opening end closing to navigation of the Hudson River 
at Albany, N. Y., indicates no progressive change in these 
dates. 

Soine 20 ymrs ago, W. U. St.ocknian coni iled tempera- 

River, covering 50 yearss4 l’h conclusion was t a t  
the contention that, t.hc winters of recent years are less 

rigorous thun those of former years, at  least so far as tem- 
perature is concerned, is not well founded.” 

In a recent. study of t.eiiipertiture vtiriatiolzs in the 
United S t a h ,  Henry has investigated the question to 
what extent periods of abnornin.lly high and low t,emper- 
nt,ures synchronize, rind a.lso whether or not t.here is evi- 
dence of 11 periodicity in the occurrence and recurrence 
of these The da t.a cnmred the period 
1SSS-1919. I t  appears that. in the Unit,ecl St2tt.e.s the 
range in temperature from the of highest temperature 
at sunspot rnininiuni (1900) to the year of ltwest teniper- 
at,ure in a Tear of sunspot mnsiiiium (1917) nniounts to 
2 . 5 O  F. *‘$’he bulk of the evidence points to a period of 
between t.liree and four years, or a third of the sunspot 
cycle, us beiiw (the 1engt.h of the period of oscillation) 
most commonry esperienced.’! 

In  several cases a study of the records has shown that 
t.here is often, for a t,ime, a cert.nin sequence in the occur- 
rence of especially cold. or wtLrni, or rainy, or dry seasons. 
Facts of t.his sort hnvo here and there been made use of in 
making very generalized long-range forecasts. Brooks 
has recentllg discussed t,he seguence of mild and severe 
wintcrs in the nort.heast,eni Lnited An esltm- 
inntion of t.hc iiiean winter t.eniperatures since 1812 
shows a.ppsre.nt.ly no other than chance relationship 
four-fifths of the time. The other fifth includes two 
notable series of “ alternst,ing cold a.nd warm winters, 
wit.h alniost identical yreliniinaries of tl few nioderately 
mild winters, an ordinarv or nioderately cold wint’er, and 
then a severe winter, which opens the n.lt.ernnting series 
-severe,  wa.rni, severe, wa.rm, etc. The opening severe 
winters in tahese t.wo series were those of 1873-73 and 
1917-18. Thus we examine with interest the records of 
the winters of 1878-77, 1377-78 *’ * *, 18SS-83, and 

merous writers. The results differ wide k y. There is no 

a E 

1 ture data for 10 st.ations, niostlv east of t. % e Mississi pi 

~ ~ ~ 

a Charles A. Srhott: Tabls. Distribution and Variations of the Atmospheric Tem- 
perature in the United States and some Adjacent Parts of America. Smithson. Cenlr .  

34 Wm. B. St6cLmibn; invsriabidty of our Winter Climate, Mo. WEATXEB REV., 

0 h l f h  J H&r : Tempersture Variations in the United Statesand Elsewhere, Mo. 
8 )  Charles F. grook’s: iequenrc of Wiuters in the Soithea4crn United St3tes. Wo. 

to KBOWI., SSI 1570 pp 3owm.,,. 
i s o l 3 2 a 2 4 - ~  

WEATXER i E V  &I 4 9  63-70. 

\\’EATHER REV., 1921, 49: 71-73. 
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wonder whether the winters of 1921-23, 1922-23 * * *, 
1927-28, mill alternate cold, warm, cold, etc., as those of 
45 years ago did for such a long period * * *. Even 
if we can not say for winter after winter whn.t t,he charuc- 
ter is likely to be! we can stiy t,ba.t immediat.ely after it 
cold winter the cha.nces nrt? two to one or better in favor 
of a mild or warm one, and t.hat a period of elternatkg 
cold and warm winters which is generid over a lsrgc 
part of the ea.stern Unit.ed Stat,es ma? continue for 
several winters, as cold, warm, cold, ebc.” 

Temperature chan es during h.&h.osi.r inturrals.-There 

the convent.ional 24-hour t,ime unit. One is t. e norma 
change, on fine days wit.h marked solar control, from just 
before sunrise to short1 after noon-from a cool night 
to a warm afternoon. $he other is the irregular change, 
not related to the time of day, due to winds, clouds, etc., 
and resultin from cyclonic or anticyclonic controls. 

these two types. The first, i. e., the so-called normal 
diurnal type, is chiefly characteristic of the semiarid 
western plateau district, where a prevailing small a.niount 
of cloud, dry air, and sparse vegetat,ion favor strong sun- 
shine by day and active radiation at night, but is also a 
common feature elsewhere, especially during t.he wmmer 
months and in the Southern States. The second, i. e., 
the irregular cyclonic type, is mainly characteristic of 
northern and eastern sections. It is also r.elat.ively fre- 
quent durin the colder months everywhere, being least 
marked on %e southern Pacific coast and in the South 
and Southwest. This type is best developed whcn the 
cyclonic control is strongest, in winter, but occurs with 
reasonable frequency, a1 though with greatly diminished 
intensity, in connection with tshe weaker cyclonic control 
of summer. Blodget first clearly emphasized the fact 
that the regular diurnal (i. e., solar) control is dominant 
in the West, while changes “of what ma he called the 

treme contrasts, diversities, and transitions belong here 
(in the interior) t.0 place or localdy; in the East to time.” 
This is a significant statenlent. It emphasizes the im- 
portance of the re ularity of the solar control, and of the 

East, per contra, the time of the arrival and departure of 
cyclone or anticyclone is the deciding factor. 

ation for the temperature differ- 

The greatest daily ranges of temperature, resulting from 
the normal warming by day and cooling by night, occur 
over t.he western lateau province and in summer. Here, 
in July (chart 17f practically the whole area has average 
daily ranges over 30°, and much of it  has ranges of over 
35’. Differences of 50’ between early morning and noon 
are common. Individual. c.ases of a rise from near tahe 

to 90’ are on record. 
are consider- 

the Great Lakes, along the 
and over the Gulf province. 

fi 9 are two fundamenta f types of t.emperature chan es durin 

There are, o B viously, all varieties of combinations of 

greater nonperiodic sort” distinguish t z e East,. liEx- 

art played by t i e  f topography in the West. In  the 

ences which occur CP uring a day is the diurnal range.s7 
The common desi 

0 When the difioreaee between the mew temperatures of the warmest and coldest 
nous ofthe day is hen it is known as the pniodtc drurnul ra e When the diflerence 
between the mean Llly m a x h a  and the mean daily minima 8 e k n i n e d  from rcadlngs 
ol the maximum and the minimum thermometers on individual days) Is given It is 
known a8 the mnptriadic diurnal ran r. The latter is the one usually ‘ven m clihatic 
tabled and disc~~slcpls. It is determfned murh mor? easily, and for $1 practlral pur- 
poses may be used instead of the e r i d e  range. \h hcn hourly temperaturc data are 
available the pericdic range is ea& worked out. (In connection with this seqplex- 
ander YiAdie: ‘*Mean Temperatures and Their Corrections in the United Sdtes 1891; 
tables of mean hourly tem eratiues for r ular Weather Bureau stations for the f ire 
vears 1891-95 In Ann. Bep! Chirjoj Wea% Bureau for 1896-97, pp. 94-107: also.short 
iable 0’ m c d  diiunal pcu,$lc ranges, based on bfr.Qdie’s report, glren by Hann III hls 
€!a~i)rll>iirb dw KJinutolnpr, Vol. 111. Rd rd., 19JI,p. 3h3. 

On much of the immediate Atlantic, ‘Gulf, and Pacific 
seacoast the ranges are under 15’. The daily tempera- 
ture ranges of summer over the eastern interior are rela- 
tively small, considering the continental climate and the 
high temperatures. Hann has. attributed this fact to the 
high humidity of summer, which ives an almost tropical 

marked by relatively small daily ranges of temperature.*8 
The average daily temperature ranges for January are 

shown in chart 16. On the whole, these ran es are 
smaller than in July, especially over the western hateau 
province, where the diurna.1 contorol is least marked in 
midwinter. 

The sudden, irregular temperature changes which 
occur under cyclonic and anticyclonic control, and are 

those which are due to normal diurnal contro rt in the as 
chiefly characteristic of the East, may be as 

West. Thus, a winter warm s ell with southerly winds 
and a temperature in the neig R borhood of 50’ may be 
followed wthin 24 hours by a cold wave wit.11 zero temper- 
atures over the northern tier of States. Remarkably 
sudden temperature changes also occur in connection 
with chinook winds along the eastern base of the Rocky 
Mountains. Or, in summer, during a hot wave,. the 
advance of a cyclonic cloud sheet and t.he setting in of 
cool easterly winds on the Atlantic coast i‘ breaks” the 
heat within a few hours, brin ing welcome relief. Several 
different t,y es of weather %ring these ‘iparc?xysms of 

H.i hest aid lowest “record” lempcrat ~res .~~--Grea t  
popufar interest always attaches to the iL record ” highest 
and lowest temperatures. Obviously, the longer the 

eriod of observation, the higher and lower these abso- 
k t e  masima and minima will be. Chart lS, which 
supersedes all the older charts of tibsolute minima, shows 
the lowest temperatures ever observed in the United 
States, and is based on the records of about; 600 stations. 
The lowest readings of standard thernionieters, under 

roper conditions of exposure (-60’ and a few degrees 
gelow) have occurred over the northern Plains, the gate- 
way through which cold waves from western Canada 
enter the United States. Temperatures low enough to 
freeze’ mercury ( - 40’) have been recorded as f a r  south 
as western central Colorado,. northeastern Nebraska, 
and central Minnesota and Wisconsin. 

Minima below zero have been observed over a large 
part of the United States. Starting from the Atlantic 
coast a t  the latitude of southern Virginia, the line along 
which zero tem eratures have been recorded runs south- 
west, at  some c f  istance inland from the ocean, t,o north- 
western Florida; then roughly parallels the Gulf coast, 
crosses Texas nort,h of latitude 30” N. then turns nvrth- 
west across southwestern New Mexico and central 
Arizona, keeping at  fiist east of, then along and finally 
crossing to the west of, the Sierra Nevada-Cascade 
Mountains. It ends in western Washington, but does 
not touch the ac.tua1 Pacific coast. Zero has not been 
recorded on the Atlantic coast south of Chesa eake 
Ba , on the immediate Gulf coast, or in the v d  P ey of 
Cdfornia. I t  is a striking fact that the absolute minima 
over the northern Plateau west of the Rocky Mountain 
barrier, and also t,hose don the eastern base of this 

character to the climate a t  t K a t  season-a climate 

change” (B P odget). 

barrier, are distinctly higher t % an those over the northern 
3 J .  Hann: Handbuch der Glimatolc@e vol. 1 3d ed p. Z62. 

Henrr has g l r a i  (Bulktin Q. Table 11’ p. 881.921 thl absolute maximum and mini- 
mum tamperatures for selerted stations &h year of occurrence for the period 1871- 
1803. More recent and fuller data will ’be found in the regular h n t h l y  and annual 
summaries published by the Weather Bureau. For information about the available 
charta, reference may be made to R. DeC. Ward: Bibliogra hie Notes on the Tempera- 
ture Charts of the United States. &Io. WEAT~IER REV., 181,49: 277-280. . 
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Plains, in spite o€lower elevations in the latter district. 
The effect of the barrier is here clearly seen. During 
inversions of temperature, which characteristically ac- 
company the occurrence of the lowest minima, elevabd 
stahons are of ten considerably warmer than those 
near b , on lowlands or in valleys. 

S d a r l y ,  the advance of cold from the northern 
Plateau districts to the Pacific coast is prevented by the 
barrier of the Sierra Nevada-Cascades. Hey West, Fla., 
is now the only regular Weather Bureau stsation at which 
no minimum tem erature below freezing has been re- 

colder than the south. There are cases, not by any means 
extreniel rare, when the southern tier of States is tern- 

There is a considerable tempering of the extreme cold 
to leeward of the Great Lakes, as is shown by the warp- 
ing of the lines of equal absolute minima, as, e. g., along 
the southern shores of Lakes Erie and Ontario and along 
the eastern shore of Lake Michi an. During severe 

tem eratures 10'-20' or so higher than those observed 
at  t t e same time on the opposite (windward) shores.'O 
Alexander Winchell, by means of his lines of equal abso- 
lute minima, first showed in a striking way the moderat- 
ing influence of the Great Lakes, especially of Lake Michi- 
gan, upon the winter temperatures in their ~icinity." 
As shown by Eshleman in a much later study, the abso- 
lute minimum temperatures a t  Grand Haven in winter 
(Nov.-Jan.) run hi her by about 10' than those at Mil- 
those of a grou of western inland stations on the same 
latitude.42 " d o l e  weeks of zero weather occur in 
Wisconsin and Minnesota when the temperature a t  
Grand Haven will not go below 15' or 20°." The Lake 
influence is clearly seen in the occurrence of an extended 
and important fruit belt, which reaches from the south- 
western corner of the State along the eastern shore of 

corded. The nort % is not, however, under all conditions, 

porarily K aving colder weather than those to the north. 

winter cold waves the lee shores of t % ese Lakes may have 

waukee, and by a % out 12'-16' (0ct.-Jan.) higher than 

(chart 19) , are surprisingly uniform over the United 
States as a whole. The differences are slight, and the 
lines of equal absolute maxima show no such well-defined 
system as is the case with the minima. For purposes of 
broad generalization, and of easy memorizing, i t  is per- 
haps enou h to say that extreme tern eratures of over 

The exceptions are the immediate northern coasts of 
Atlantic and Pacific Oceans: portions of the Lake region; 
central and southern Florida, the Texas coast, northern 
New, En land, and the higher arts of the mountain 

are from somewhat under 95' to a little under 100'. The 
tem ering influences of the Great Lakes are again seen 

The values are roughly 10' less on the eastern than on 
the western shore of Lake Michigan. Grand Haven has 
summer maxima lower by Go-7' than those of Milwaukee 
and by 10°-15' lower than those of the group of western 
continental stations." "A difference of 10' to 20' 
in the maximum temperatures (at Grand Haven) com- 

100' have B een observed over most of t R e United States. 

areas. &er all these last-name B districts, the readings 

in t R e deflection of the lines of equal absolute maxima. 

40 See, e. g.. E. T. Turner: The Climate of the State of NewYark. F&WtAnn.Re- 
pwt Jfd Bur. and I ~ ' ~ r S c r v r c c o / t h c S U I t c o f ~ c r o  York. avo. Albany, 1RQ4, p. 370. 

a Alexander Winchelk The Isotherm& of the Lake Region. plot. Amcr. Aasoc. Adu. 
SddaTV2 KJ1870, pp. 108-117. 

pared with inland stations on warm da is a common 

whole exceed 120' in southwestern Arizona; maxima 
over 115' occur over a larger district of northeastern 
California, southeastern Arizona, as well as in the valley 
of California. The "record maximum" is 134' recorded 
at Greenland Ranch, on the edge of Death Vahe 
10, 1913.45) Owing to the small scale of the map, t i e  hi K 
temperatures in Death Valle are not indicated. %t 
should be added, however, t a t  the excessive1 hi h 
maxima of the far Southwest are associated wit rea- 
tively dry air, and are far less o pressive, and less 
physiologically dangerous, than t R e lower maxima 
in the moister air of the east. 

Th 4 average lowest temperature: of the year.-The average 
lowest temperature reading of the , year (mean annual 
minimum) not only has a eneral popular interest, but is 

tions. he new chart of avera e annual minimum tem- 
eratures (chart 30) replaces a ar less complete one pub- 

{shed by van Bebber in 1593." A thermometer reading 
below -30' is a normal winter occurrence over the 
northern Plains and northern Minnesota. Northern 
New York and northern New England have -25'. 
Temperatures below zero are to be ex ected on the 

New Tork, and northern New Jersey. From this section 
t.he line of niean annual minimum of zero runs in a 
general southwesterly direction across Maryland, Ken- 
tucky, northern Tennessee, southern Illinois and Mis- 
souri, northern Arkansas, Oklahoma, and northern 
Tesas into eastern New Mexico. Thence it turns 
west and northwest, following along the eastern slopes 
of the Pacific coast ranges, and ending in eastern 
Washington. The Gulf States have minima mostly be- 
tween 10' and 30', with over 30' over all of Florida and 
along the Tesas coast. 

are seen in the positions of the lines over the western 
in Colorado, New 

Eesico and Arizona. The Rocky eountains obviously 
act as an effective ba.rrier against the penetration of ex- 
treme cold from the northern Plains into the Plateau dis- 
tricts. No cold of eastern intensity is indicated in any 

ortion of the great district to the west of the Rocky 
kountains. The Pacific coast is further protected by the 
Sierra Nevada-Cascade barrier against the invasion of low 
t.eniperatures from the east. On the immediate Pacific 
coast, the mean annual minima are 20' in the north and 
30" in the south. 

The irregularities of the lines in the Lake re ion, espe- 
ciallv in the case of Lake Michigan and of the P ower en- 
insula of Michigan, and of the lee shores of Lakes Erie 
and Ontario, show a very obvious tempering effect of the 
Lake waters.17 The mean monthly minima a t  Grand 
Haven, Mich., run about 4'-6' higher than those a t  Mil- 
waukee Wis., during the winter, and 10'f higher than 
those of a group of inland stations somewhat farther 
west.Q 

One of the striking, and one of the serious, climatic 
characteristics of the eastern United States, is the tem- 
porary and sudden penetration of very low minima far 
to the south, into latitudes where the winters are dis- 
tinctly mild. This condition occurs in connection with 

occurrence." The highest readings for t r e country as a 

(Jul 

X k  

also im ortant because o P certain of ita economic rela- 

B 5 

coast as far south as southern New Eng 'p and, southern 

The tempering of the cold b 
latitude is thus clearly indicated. Topographic contro 9 s 

lateau and mountain districts, e. 

~~ ~ ~ ~~~~ 

G.H. Wlllson: TheHottest Reglon in theunited Statcs, Mo. WEATEEB REV., 1915 

6ee R 

43; 27s-280. 
(0 Reproduced In Atlas of Mcfeomlo#y 1889 pl. 2. 

J. Hann: Atlas der Met&olog!e, 1887, text, p. 5. 
a c. k.'#ihemsn, loc. clt. 

--. ..-. 
a A. J. Henry loc. cit p 556. 
u C. E. ESM&. locycit. 
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the advance of a cold wave from north and west. A 
general knowledge of the mean annual minimum tem- 
peratures is here essential to a full appreciation of the 
climatology of this area. Hann pointed out that the 
temperature at New Orleans falls each winter on the 
average near1 to 20°, while a t  Cairo in the same latitude, 

mean annual and mean January temperatures a t  these 
two cities are essentially the same.40 And over half a 
century ago, Russell noted the fact that Savannah, Ga., 
has a mean winter temperature similar to that of May in 
London and of winter in Cadiz, which is 44’ of latitude 
farther north.5o Yet the vegetation of southern Spain is 

uite different from that in North America because of 
%e hi her winter minima in the former country. In  a 

the mean temperature. Oran es are liable to serious 

States; not so in southern Spain. Cotton is replanted 
annually in the United States; not so in Spain. It is 
true that spells of considerable cold also invade low lati- 
tudes in eastern Asia, but there the mean winter temper* 
tures are lower than in the eastern United States. 

The mean annual mmima have much less human and 
economic significance than the mean annual minima.51 

M e r  facts concerning annual and monthly maxima and 
minima.6a-The differences which have been recorded 
between the highest and the lowest tom eratures ever 

the order of 150’ m the north-central districts of the 
interior; 125’ in northern New E land and the lower 

teau region generally; in the southwestern interior, 110’; 
less than 100’ on the Pacific coast, with the exception of 
the Columbia River valley and the mo~ntains.~s During 
a single month, differences of the order of 100’ may occur 
over the northern interior in winter, between the extreme 
cold of a cold wave and the hi h temperatures of H, warm 

to the south, they are greater than those of central 
Europe a t  least as far as latitude 40° N. 
The ditferences in temperature.from day to da .-There 

ences in temperature from one da to the next. One is 

the sun’s control done, each day should normally be a 
little warmer than the recedin during the warming 

half. The second is the cyclonic and anticyclonic con- 
trol. This is irregular, varying with the temporary con- 
ditions of pressure distribution and the accompan ing 

two controls is by far the most important over most of 
the United States and most of tho tune, es ecially during 

perature changes from day to day, completely upsetting 
the orderly seasonal advance and retreat. These day-to- 
day changes in temperature are of great importance in 

i t  reaches o Ilf y a degree or so less than 40’. Yet both 

case li a e this, vegetation becomes a better index than is 

damage by frost over nearly a i7 of the southern United 

observed are worthy of note. These di B erences are of 

Lake re ion; less than 100’ along T t e Gulf coast; about 
50’ at % ey West; 120’ in the Rocky Mountain and Pla- 

spell. Although these mont 8 y ranges decrease rapidly 

are two fundamental controls determining ti! e differ- 

regular; the other, irregular. The H rst is the sun. Under 

half of the year, and a P 9  ittle coo er dumg the cooling 

temperature, winds, clouds, and rain. The second o P the 

the colder season. I t  brings marked an 1 sudden tem- 

(Hann.) 

’ a I HBUW AUS der ~eteor~logie 1887 text 
m Russell:’Nath America Its Agricultuh anA&kate, Edhburgh, 1857. Qwoted by 

J. Hann: Handbuch der Kdmatologle 3ded. vol 3 1911, p. 364 
u No chart of meen annual maxima has beeh.&&ed since that of van Bebber, 1m. 
The complete numerical tatiun of highest and lowest temperatures ulres 

mw8l columns In a s t a n d a r m a t i c  table (sea e I. Hann: Handbook d i e  tdly., Zd ed., vol. 1. English tnrnslation by R. DZ. Qard, table on p. a.) 
J Henry loc. eit pp. 2Q-30. No map of the mean annual aherne mag.? hsa oanstrucied &.I& that 01 van Bebber. for the world (Atka of Meteorokgy PI. 2). These 
also known as the incan annual noniperiodic rangc8, average abwi twice as large 

mean annual periodic ranges previous y referred to, whleh are based on the daw- 
en% bet- the me811 Wmperaturs of January and of July. 

relation to human comfort and health. The markedly 
deet B wide range of man’s activities. &e conven- 
tional method of expressin such changes is to ive, for 
each month, the average % ifFerence between t P e mean 
temperatures of successive days.S4 In a table compiled 
by Supan some years ago it appears that the interior of 
horth America, includin the northernmost arts of the 
United States, is one o P the two centers o ip maximum 
diurnal variability in the Northern Hemis here.56 

Generalizing broadly, it may be stated t 73 at the mean 
diurnal variability in winter is of the order of about loo 
in the northern central interior, and decreases from 
there in all directions, to about 2.5’ on the north and 
2’ on the south Pacific coast; a little over 5’ on the Gulf 
Coast, and about 3’ in southern Florida.w The decrease 
from the int.erior t.0 the. Atlantic coast is relatively slight, 
because this leeward coast shares so largely in the con- 
tinenta.1 conditions of the interior. The lines of equal 
variability follow tha lines of absolute minimum tem era- 
tures reasonably closely, indicating a de endence o f the 

cold waves. The mean diurnal variability in summer is 
usually about one-half of that in winter. It should be 
observed t,hat the foregoing data refer to differences be- 
tween the daily mean temperatures, and not to the total 
amount of rise or fall of tem erature from day to day. 

large diurnal variability of winter upon t I! e occurrence of 

Such irregular chan es are o P striking frequency and of 
large values es ecia fi 9 in the northern United States east 
of the Rocky , b f  ount,ains in winter, reaching 50’ or even 

remarkable irregular temperature c. z anges in the eastern 

more within 24 hours. 
about these rather 

United States, viz, the rapid winter poleward tempera- 
ture gradient; the presence of the warm Gulf of Mexico 
in the south, the Gulf Stream off the east coast, and the 
cold continent to the north; and the frequency, intensity, 
and rapid progression of cyclones and anticyclones. 
Under the control of the rapidly changing pressure gra- 
dients as H m H s  and LOWS pass by, thewinds are constantly 
changing t,heir direct,ion. Thus, large masses of air, often 
moving a t  high velocities, are imported from districts of 
widely varying tem eratures, now from the warm Gulf of 

from the Atlantic Ocean on the east. Marked and sudden 
chan es in temperature and in general weather conditions 
are t fl erefore inevitable. Furthermore, winds not only 
control temperatures directly, by the actual importation 

clear skies and thus increasing the local production o 7 of warm or of cold air, but also indirectly, by bringin 

cold by nocturnal radiation on quiet nights and the 
warming under sunshine by day, or by bringin 
and rain and thus cuttin off sunshine by day a.n check- 

goes th,e pnn.uul march of temperature show per&tent 
irrayuZarities ?’-There is a widespread popular belief in 
the recurrence, at about the same time every year, of 
longer or shorter eriods of unseasonable cold or heat. 
Among these “spe R s” of weather the ones most common- 
1 referred to in the United States are the “January 
txaw,” a cold period about the middle of May, and the 

Several factors combine to brin 

Mesico; now from t R e cold plains of western Canada; now 

% 
in terrestrial radiation % y night. 

Mmn diurnal uoriabi ty of temprraturc, I. e., the mean 01 the differences between 
successive ddly memu. bata r y r d l n g  thls factor have been worked out for com 
tively few statim In the Umte States. tiee tables of Daip V a r i a b l l E  
Temuerature” (for 18 selected stations). and of aaAv&A%$ Variability of ”em- 
pedure in Percentaces Washlngton -D. C lBFJ-lw)3,” In BilMin Q, p-33. Also 
Ann. Repl. Chief of U7&r Barmu 0; I&&!. p. aSr. 

bs A. Supan: CnmdzUge der Ph 
U 9eechart.prepared b Gen. A &reel LtVariab;hty of averkge dally temperature 

In January, reproduce8 in F.Waldo’s E i k a t a r y  Meteorology, 1898. Fig. 101. pp. 
330-333. 

hen Erdh-unde .3d ed. 1- p. BB., 
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"Indian summer." Prof. Charles F. Marvin, Chief of 
the Weather Bureau, has recently investigated this 
uestion b making a study of the tem erature records 

?or severay long-period stations in t % e northeastern 
United States, supplemented by 45-year records from 
Weather Bureau stations scattered over the co~nt ry .~ '  
The conclusion reached is that the annual record of daily 
mean temperatures is a smooth curve, without secondary 
maxima or minima, or of perceptible points of inflection. 
Such marked irregularities as are described by the 
terms "January thaw " or "May freeze, " neither persist, 
nor do they have a real existence. In cases where these 
or similar irregularities appear in the means, they are the 
effect of s single occurrence, or of a few accidentally 

recurrent unusual or extreme events, near or a t  &e time 
in question. A stud of the long-period temperature 
record s keptat New fkdford, Mass., between 1813 and 
1905, was mndo by the late Waldo E. Forbes." The 
object of this investigation was to discover evidence for 
or against the occurrence of a cold spell in New England 
about May 10 ("Ice Saints"). It a pears that cold 

hot weather as well as cold on May 7 or May 13. ('It is 
nevertheless possible that when the pulsations of the 
weather are better understood, May 10 may prove to be 
a sort of node and may serve as a point of departure for 
the study of weather waves. "j9 

weather as well as hot may be expecte B on May 10, and 

ON T H E  DEPRESSIONS OBSERVED IN THE VALUES OF SOLAR RADlATLON LNTENSITY. 

By LAIJISLAS GORCZY~SKI.  

[Translated by W. W. Reed, from Bolktino Bimrwwl t ,  SOC. Hct'l. Ital., Apr.-June, 1821. pp, 25-28.1 

While very warm or rainy summers and very mild or 
cold winters come directly to general notice, de ressions, 
and in general all the abnormal variations in t E e values 
of the intensit of solar radiation measured a t  the surface 
of the earth, B o not manifest themselves inimediately to 
the eyes of observers and require a scientific demonstra- 
tion by special instruments known as pyrheliometers and 
ac tinokne ters . 

Yet the study of these de ressions, or rather of all the 

observed a t  the surface of the earth, has an importance 
all the greater since i t  is indeed the solar eneroy that is, 
in the last analysis, the spiritus movem in all &e atmos- 

In order to 
End an explanation of the. very complicated variations of 
temperature of the air and of recipitation it is necessary 

For this reason, we 'believe it useful to discuss briefly 
the two great depressions in solar radiation that have 
occurred since the beginning of the twentieth century : 
these are the de ressions of 1902 and 1913, which we have 

measurements made at &arsaw without interruption since 
the close of 1900. 

It is important to add that these depressions observed 
at Warsaw have been discovered in the series of measure- 
ments made at other observatories in Europe and in 
America;' these depressions have consequently a world- 
wide character. 

To mtablish the existence of these depressions in the 
values of solar radiation observed a t  Warsaw let us take 
the mpnthly maxima (Max. &) of the intensity of solar 
radiation. Granted that radiation is subjected in the 
earth's atmos here to influences that always tend to 

especially the maximurn values in the diurnal and annual 
periods that are the most characteristic. Besides the 
conclusions reached by examination of the monthly inmi- 
mum values of radiation are confirmed by the considera- 
tion of the monthly mean values ahd also by the obser- 

variations that appear in t P ie values of solar radiation 

heric movements observed on the earth. 

to begin with the study of so P ar radiation. 

demonstrated 1 rom p rheliometric and actinometric 

diminish it, t E e conclusion is easily reached that it is 

vation of the duration of insolation (in hours) and by the 
calculation of the totnls of insolation (in kg. cal.) to one 
sq. cm. of the norninl horizontal surface. 

Being unable, in the present pa. er, to enter into the 

observations and calculations are found in the following 
publications by the author: 

1. V a h n  pyrhtXnm6triques et lea sommw d'insolation h Varpovie 
pendant lo, phriode 1901-1915. Wamaw, 1914. (Publicallom de la 
Sociitd der S p i w w s  dc F'nrsoiYir.) 

2. Sur l e d  depressions en 1812 et 1903 dam les valeura de l'inteneith 
du rayniinement aolaire. Warsaw. 1914. (C'on~ptps Readus & la 
Soe~& dr8 8tkiees  de T~'n7sw:k) 

In  Table 1 are presented the departures of trhe monthly 
maximum values of solar radiation at  Warsaw during the 
period from 1901 to 1918. The departures (relative to 
the means for 1901-1913 and 1914-1918) are calculated 
in gr. cal. per sy. cm. per minute. The departures for 
the five years, 1914-1918, are given separately because 
of change in the place of observation in the first half of 
1914, when the apparatus (Michelson actinometer and 
Angstrom pyrheliometer) were transferred from the build- 
ing of the busbe d'Industrie et d'A 'culture, situated 

Soci6t6 des Sciences of Warsaw, about 2 km. distant 
from the former. 

Although, espeeinlly on account of the smoke of the 
city, both points of observation me fsr from favorable 
for measurements of soltir raditttion, it  is of consequence 
t,o note that the latter phce seems to be the better and 
gives higher values. 

Nom.-The values for 1901-1913 were calculated and published hy 
t.he aut,hor (lw. cit,.): the value3 for 1914-1918 were calculated by the 
observer, E. Rt,ens, hut have not been published. 

In the montlis for which de artures are not given, 
actinometric metxsurenients c o d  x not be effected. 

Table 1 shows immediately that certain periods present 
depressions. In  calculatin the values of max. Q (for 
m, 1.5 atni. anciJ 7 mm.) ere is obtained the following 

details of the matter, let us note t K a t  the results of the 

more in the center of the city, to t, r e building of the 

57Charlea F. Marvin: Are there Persistent Irr larities in the Annual March of 
Tamperatnrel M o  WEATHER REV 1919 47: d. The name number of the RE- 
VIEW slso cont& 8 useful annotad biblibllographu of thia aubjat (pp. 555-.505), by G. F. 
*'plmn" .".I-... 

I See KlmbaU Herbert H a Voleanic eruptions and solar radiation intenslties. Mn. 
WEATHER REV.: Aug. 1918 46:a55-W. 

a Waldo E. Forbes: Ice Saints, Am. Aslmn. Okcrualory Haw. Coll., vol. 83, pt. 1 
1917, pp. 53-59. 

51 An w l p  dixlrssion of thi8 sub ect mnybe found in C A Schott: Tablea Distrlbn- 
ion and Variations of the Atmospherio Temperature In jhe'UnitedjRtates k d  some, 
b d j m t  Parts of South Amerlca. Bmfthaon. Conlr. tc, hnowl. 277. Waahingtm, D. 
C. 1976. pp. 192-191. 


